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(Atty. Docket No.: FHW-IOOUS) 

IN THE UNITED STATES PATENT DESIGNATED OFFICE (DO/US) 
(National Phase of International Appln.: PCT/GBOO/03117, 
Publication No. WO 01/12066 A2) 



In re the 

application of: Robert Stephen COOKE, et al. 
International Application No.: PCT/GBOO/03117 
International Filing Date: 14 August 2000 
U.S. Serial No.: Not yet assigned 
Filed: Herewith 

For: PORTAL IMAGING DEVICE 
Attorney Docket No.: FHW-IOOUS 



BOX PCT 

Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

Dear Sir: 

Preliminary to examination of the above-referenced patent application, please 
amend the above-titled International patent application as follows: 

In the Claims: 

Please amend claims 1,4-12 and 14 as follows. 

Please cancel claims 13, 15 and 16 and add new claims 17 and 18 as follows: 

1 . (Amended) Apparatus for positioning an imaging device relative to the gantry 
of a radiation therapy apparatus, comprising a mounting device for mounting the 
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apparatus on a surface of the gantry, a telescopically extendable arm pivotally connected 
to the mounting device, and a holder for holding the imaging device, wherein the holder 
is connected to a distal portion of the telescopically extendable arm. 

4. (Amended) Apparatus as claimed in claim 2 wherein the elongate elements do 
not share a common central axis. 

5. (Amended) Apparatus as claimed in claim 1 wherein the arm is pivotally 
mounted substantially about its centre of mass. 

6. (Amended) Apparatus as claimed in claim 1 wherein the arm is pivotally 
mounted substantially about the centre of mass of the arm and the imaging device. 

7. (Amended) Apparatus as claimed in claim 1 wherein the holder is slidably 
mounted so as to slide along the extendable arm. 

8. (Amended) Apparatus as claimed in claim 1 wherein the holder comprises 
means for sliding the imaging device along an axis perpendicular to a longitudinal axis of 
the extendable arm. 

9. (Amended) Apparatus as claimed in claim 1 wherein the holder is detachably 
coupled to one of the imaging device and the extendable arm. 

10. (Amended) Apparatus as claimed in claim 1 wherein the holder comprises 
means for locking the position of the imaging device. 

1 1 . (Amended) Apparatus as claimed in claim 1 further comprising means for 
rotating the imaging device about an axis parallel to a longitudinal axis of the extendable 
arm. 
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12. (Amended) Apparatus as claimed in claim 1 comprising a counterbalancing 
means for holding the extendable arm under gravity in any given angular position relative 
to the surface of the gantry. 

14. (Amended) Apparatus as claimed in claim 1 further comprising means for 
activating the apparatus. 

Add new claims 17 and 18 as follows: 

1 7. (New) A radiation therapy apparatus comprising a gantry having mounted 
thereon apparatus for positioning an imaging device substantially as described in claim 1. 

18. (New) A radiation therapy apparatus as claimed in claim 14 comprising a 
plurality of apparatus as claimed in claim 1 . 
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REMARKS 



Preliminary to examination of this application. Applicant amends claims 1, 4-12 
and 14 to remove multiple dependencies, to provide proper antecedent basis, and to 
address other matters of form. Applicant cancels claims 13, 15 and 16 and adds new 
claims 17 and 18. The foregoing amendments are not related to issues of patentability, 
and introduce no new matter. 

Entry of the foregoing Preliminary Amendment is respectfully in order and 
requested. 

If there are any questions regarding the amendments to the application, we invite 
the Examiner to call Applicants' represeritative at the telephone number below. 



Respectfully submitted. 



LAHIVE & COCKFIELD, LLP 




28 State Street 
Boston, MA 02109 
(617) 227-7400 
Date: February 1 5, 2002 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the Claims: 

Please amend claims 1, 4, 5, 6, 7, 8, 9, 10, 1 1, 12 and 14 as follows. 
Please cancel claims 13, 15 and 16. 

1 . (Amended) Apparatus for positioning an imaging device relative to the gantry 
of a radiation therapy apparatus, [comprises] comprising a mounting device for mounting 
the apparatus on a surface of the gantry [surface], a telescopically extendable arm 
pivotally connected to the mounting device, and a holder for holding [an] the imaging 
device, wherein the holder [being] is connected to [the] a distal portion of the 
telescopically extendable arm, 

4. (Amended) Apparatus as claimed in claim 2 [or claim 3] wherein the elongate 
elements do not share a common central axis. 

5. (Amended) Apparatus as claimed in claim 1 [any preceding claim] wherein the 
arm is pivotally mounted substantially about its centre of mass. 

6. (Amended) Apparatus as claimed in claim 1 [any one of claims 1 to 4] wherein 
the arm is pivotally mounted substantially about the centre of mass of the arm and the 
imaging device [assembly]. 

7. (Amended) Apparatus as claimed in claim 1 [any preceding claim] wherein the 
holder is slidably mounted so as to slide along the extendable arm. 

8. (Amended) Apparatus as claimed in claim 1 [any preceding claim] wherein the 
holder comprises means for sliding the [image] imaging device along an axis 
perpendicular to a [the] longitudinal axis of the extendable arm. 
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9. (Amended) Apparatus as claimed in claim 1 [any preceding claim] wherein the 
holder is detachably coupled to one of [detachable from] the imaging device and [/or] the 
extendable arm. 

10. (Amended) Apparatus as claimed in claim 1 [any preceding claim] wherein the 
holder comprises means for locking the position of the imaging device. 

/- 

1 1 . (Amended) Apparatus as claimed in claim 1 [any preceding claim] further 
comprising means for rotating the imaging device about an axis parallel to a longitudinal 
axis of the extendable arm. 

12. (Amended) Apparatus as claimed in claim 1 [any preceding claim] comprising 
a counterbalancing means for holding the extendable arm under gravity in any given 
angular position relative to the surface of the gantry. 

14. (Amended) Apparatus as claimed in claim 1 further comprising means for 
activating the apparatus [any preceding claim wherein the apparatus is actuated by 
mechanical or electro-mechanical means]. 
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PORTAL IMAGING DEVICE 



This invention relates to radiation treatment apparatus, in particular portal 
imaging systems comprising a rotatable gantry, supported by a stand, a radiation 
emitting head coupled to the gantry and an imaging device for providing, in visual 
form, a representation of the radiation beam emitted from the head after it has passed 
through the object imder treatment. In particular the invention relates to apparatus for 
mounting the imaging device on the gantry of the radiation treatment apparatus. 

European Patent No. EP 0541717 identifies a problem with portal imaging 
devices, that being that in order for the lightweight boxes to cover a reasonable 
radiation field size, the construction of the detector enclosure has to be very bulky, this 
poses an inconvenience during patient set up and occupies space in the treatment room 
when not being used. Practical use of such devices has thus, historically been quite 
limited. That Patent goes on to describe an apparatus for mounting the imaging device 
to the gantry of a radiation treatment apparatus in which the imaging device is fixed to 
the end of a telescopically extendable holding means the holding means being arranged 
such that when not in use the majority of the holding apparatus and imaging device is 
retracted into the body of the gantry. 

Whilst this arrangement provides a convenient means of storing the imaging 
device and associated mounting apparatus, the mounting apparatus is integral with the 
gantry of the radiation treatment apparatus and must therefore be built into the 
apparatus during manufacture. Additional disadvantages of this arrangement arise 
where parts of the mounting apparatus require repair maintenance or replacement. The 
arrangement also requires that space be found in the body of an already cumbersome 
piece of equipment to locate the collapsed mounting means. 



Alternative movmting apparatus have been proposed which are surface 
mountable on the gantry of the radiation treatment apparatus. These arrangements 
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comprise an arm for holding the imaging device which is collapsible about one or more 
pivots. The arm itself is pivotally mounted on the surface of the gantry of the treatment 
apparatus and the imaging device is pivotally connected to the distal end of the arm the 
arrangement being such that the entire assembly can be folded flat to sit flush against 
the surface of the gantry. 

In order to produce an accurate visual representation of the image it is essential 
that the imaging device is positioned and maintained in position accurately at a 
predetermined distance from the radiation emitting head. Thus, foldable mounting 
apparatus such as that described, is extremely difficult and expensive to engineer in 
practice and not always as accurate as may be desired. 

It is therefore an object of the present invention to provide a mounting apparatus 
for mounting the imaging device on the gantry which alleviates some or all of the 
aforementioned disadvantages associated with the previously described mounting 
apparatus. 

In accordance with the present invention there is provided apparatus for 
positioning an imaging device relative to the gantry of a radiation therapy apparatus 
comprising: 

a mounting device for mounting the apparatus onto the gantry surface, a 
telescopically extendable arm pivotally connected to the mounting device, and a holder 
for holding an imaging device, the holder being connected to the telescopically 
extendable arm. 

Conveniently, the arm may comprise two or more elongate elements arranged 
in slidable communication with each other. Optionally, the slidable commimication is 
provided by means of one or more linear bearings located between the elongate 
elements. The elongate elements may optionally be arranged to slide one inside another 
or alternatively side by side. To provide optimum stability, the arm is preferably 
pivotally mounted substantially about its centre of mass. Most preferably the arm is 
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pivotally mounted substantially about the centre of mass of the ami and imaging device 
assembly. 

Optionally, the holder is slidably mounted to slide along the extendable arm. 
This arrangement provides for more compact retraction of the arm and image device 
assembly as well as more freedom in positioning the image device relative to the 
radiation head. The holder may further comprise means for permitting linear motion 
of the imager device along an axis perpendicular to the longitudinal axis of the 
extendable arm. This arrangement provides a further degree of freedom in positioning 
the imaging device with respect to the radiation emitting head and when provided along 
with a slidably mounted holder provides for the imaging device to be easily locatable 
about a relatively large area. 

As a further option, the apparatus may be provided with means for moving the 
image device radially along the surface of the gantry, toward and away from its centre 
point. Such means may comprise, for example, a slider on the surface of the gantry 
or a pivot and linkage system connecting the components of the apparatus. 

Preferably the holder is detachable from the imaging device, permitting the 
imaging device to be removed for storage or replacement. Preferably, the holder has 
means for locking the position of the imaging device when the device is located within 
the holder. 

In order to permit a further degree of freedom in positioning the imaging 
device, the holder may optionally comprise a rotating means for rotating the imaging 
device about an axis parallel to the longitudinal axis of the extending arm. 

Preferably the apparatus is provided with counterbalancing means such that the 
arm and/or the arm and image device assembly can be held under gravity in any given 
angular position relative to the surface of the gantry. 

Optionally, the apparatus may be activated by mechanical means, in particular. 
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where the apparatus is provided with counterbalancing means, the sliding and rotational 
movements may be actuated by a simple lower power means. 

Thus it can be seen that the invention provides a mechanically simple and 
inexpensive means of positioning an imaging device relative to the gantry of a radiation 
therapy apparatus. As the arrangement is surface mountable it can be fixed to existing 
equipment and can easily be maintained repaired or replaced. Apparatus according to 
the invention will operate at any given positional rotation of the gantry. Thus, two or 
more apparatus according to the present invention may be provided on any single given 
gantry of the radiation therapy apparatus. For example, two such apparatus may be 
disposed at two positions about the gantry of a radiation therapy apparatus a first 
position being commensurate with a megavolt measurement of the radiation image and 
the second position being commensurate with a kilovolt measurement of the radiation 
image. In this arrangement where the holder of the apparatus is provided to be 
detachable from the imaging device, a single imaging device may be transferred 
between the two apparatus according to the present invention to obtain both megavolt 
and kilovolt measurements. 

A particular advantage of this arrangement is provided where the pivot about 
which the arm is mounted is offset from the end of the arm, this enables the 
arrangement to be self counter balancing when retracted and minimises any movement 
about the arm when extended. The inherent stability of this arrangement means that 
the forces to be overcome on extension and retraction are primarily frictional or inertia! 
and can easily be overcome either manually or with simple electro-mechanical actuation 
devices. 

It is also to be appreciated that the small framed lightweight arrangement is easy 
to manoeuvre around even when partially stowed. 

The invention will now be further described by way of example with reference 
to the Figures, in which:- 
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Figure-kshows an apparatus for positioning an imaging device relative to the 
gantry of radiation therapy apparatus substantially as described in European Patent EP 
0541717; 

Figure 2 shows a schematic of the surface mountabie folding apparatus also 
described above; 

Figure^Sjhows an embodiment of the present invention in its fully extended 
position in both a perspective and side view; 

Figure 4 jhows the embodiment of Figure 3 in a partially retracted position; 

Figure 5 shows the embodiment of Figure 3 with the arms and imaging device 
fully retracted; 

Figure 6 shows how the fully retracted arm and imaging device rotate about a 
centre of mass to be stowed flat against the gantry surface; 

FigureTjUustrates the embodiment of Figure 3 in a fully stowed and retracted 
position in both a perspective and side view; 

Figure 8 shows how the embodiment can operate at an alternative gantry 
rotation. 

In Figure 1 a gantry 1 of a radiation therapy apparatus is provided with a 
radiation head 2 and diametrically opposed to the radiation head is an imaging device 
3 connected to a telescopic arm 4, 5 which is retractable into a cavity 6 within the 
gantry 1 . The arm comprises two concentrically aligned tubes 4, 5 slidable one within 
the other along an axis A. Imaging device 3 is pivotally mounted about a point 7 to the 
distal end of tube 4. The arrangement is shown in fiilly extended position, but it can 
be seen that retraction of tube 4 along tube 5 into cavity 6 and pivoting of imaging 
device 3 about pivot 7 allows the assembly to be retracted and stowed in a position 
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flush with the surface of the gantry 1 of the radiation therapy apparatus. 

In Figure 2 the gantry 1 of a radiation therapy apparatus has pivotally connected 
thereto a jointed arm 8, 9 which is further connected to an imaging device 3 about a 
pivotal joint 10. Figure 2a shows the arrangement partially extended and Figure 
2b shows the arrangement fully retracted. 

In Figure 3, a gantry 1 of a radiation therapy apparatus has fixed thereto a 
mounting plate 11 to which, by means of pivot 12, telescopically extending arm 13, 14 
is attached. The telescopically extending arm comprises two tubes, 13 and 14, which 
in this embodiment are of substantially rectangular cross-section but may be of any 
other suitable cross-section arranged to slide side by side by means of linear bearing 
15. Slidably connected to the distal portion 14 of the slidable arm is an imaging device 
holder 17 which is slidable along linear bearing 16, Mounted on the holder 17 is an 
imaging device 3. Imaging device 3 is slidable with respect to holder 17 by means of 
linear bearing 18. 

As can be seen from the Figure the imaging device 3 is free to move along two 
perpendicular axes defined by linear bearings 16 and 18. 

In Figure 4, the distal portion 14 of the extendable arm 13, 14 has been moved 
towards the surface of gantry 1 by means of linear bearing 15. Movement of the 
slidable arm 14 in linear bearing 15 together with movement of linear bearing 18 of 
holder 17 allows the imaging device 3 to be locatable about a relatively large viewing 
area. 

In Figure 5 holder 17 has been moved from a relatively distal to a relatively 
proximal position on the extendable arm 13, 14 drawing the imaging device 3 closer 
to the surface of the gantry 1. This partially retracted position provides more 
convenient access to the patient during treatment. 

Figure 6 illustrates how the apparatus, fully retracted as shown in Figure 5, can 
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be pivoted about pivot 12 towards a stowing position substantially flush with the 
surface of gantry 1 . 

Finally, Figure 7 illustrates the apparatus in fully stowed position. 

The foregoing describes only one embodiment of the invention to aid 
understanding and is not intended to be in any way limiting from the true scope of the 
invention as de&ied in the appended claims. 
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CLAIMS 

1 . Apparatus for positioning an imaging device relative to the gantry of a radiation 
therapy apparatus comprises a mounting device for moimting the apparatus on 
the gantry surface, a telescopically extendable arm pivotally connected to the 
mounting device and a holder for holding an imaging device, the holder being 
connected to the distal portion of the telescopically extendable arm. 

2. Apparatus as claimed in claim 1 wherein the arm comprises two or more 
elongate elements in slidable conmiunication with each other. 

3 . Apparatus as claimed in claim 2 wherein the slidable communication is provided 
by one or more linear bearings between the elongate elements. 

4. Apparatus as claimed in claim 2 or claim 3 wherein the elongate elements do 
not share a common central axis. 

5. Apparatus as claimed in any preceding claim wherein the arm is pivotally 
mounted substantially about its centre of mass. 

6. Apparatus as claimed in any one of claims 1 to 4 wherein the arm is pivotally 
mounted substantially about the centre of mass of the arm and imaging device 
assembly. 

7. Apparatus as claimed in any preceding claim wherein the holder is slidably 
moimted to slide along the extendable arm. 

8. Apparatus as claimed in any preceding claim wherein the holder comprises 
means for sliding the image device along an axis perpendicular to the 
longitudinal axis of the extendable arm. 



9. 



Apparatus as claimed in any preceding claim wherein the holder is detachable 
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from the imaging device and/or the extendable arm. 

10. Apparatus as claimed in any preceding claim wherein the holder comprises 
means for locking the position of the imaging device. 

11. Apparatus as claimed in any preceding claim further comprising means for 
rotating the imaging device about an axis parallel to longitudinal axis of the 
extendable arm. 

12. Apparatus as claimed in any preceding claim comprising a counterbalancing 
means for holding the extendable arm under gravity in any given angular 
position relative to the surface of the gantry. 

13. Apparatus substantially as described herein with reference to Figures 2 to 8. 

14. Apparatus as claimed in any preceding claim wherein the apparatus is actuated 
by mechanical or electro-mechanical means. 

15 . A radiation therapy apparatus comprising apparatus for positioning an imaging 
device substantially as described in any preceding claim. 

16. A radiation therapy apparatus comprising two or more apparatus as claimed in 
any one of claims 1 to 13. 
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2 therapy apparatus. The apparatus comprises a mounting device for mounting the apparatus on the gantiy surface a telescopically 

ext^idable arm which is pivotally connected to the mounting device and a holder for holding an imaging device the holder being 
^ connected to the distal portion of the telescopically extendable aim. The apparatus is mechanically simple and relatively inexpensive 

to manufacture. The apparatus when assembled to a radiation therapy apparatus provides an accurate and lightweight means of 

positioning and stowing an imaging device. 
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DECLARATION, PETITION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 



(Check one): 

□ Declaration Submitted with Initial Filing 
S Declaration Submitted after Initial Filing 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original; first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled: 

PORTAL IMAGING DEVICE 



the specification of which (check one): 

□ is attached hereto. 
OR 

13 was filed o n 14 August 2000 as PCX International Application Number 
PCT/GBOO/03117 and filed as U.S.S. N. 10/049,800 . 

□ and was amended by PCT Article 1 9 Amendment on 

(if applicable), 

□ and was amended by PCT Article 34 Amendment on 

(if applicable). 



I acknowledge the duty to disclose to tlie Office all information knovm to me to be material 
to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby state that I have reviewed and understood the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 




PRIORITY CLAIM 

(Check one): 

□ no such appHcations have been filed. 

® such applications have been filed as follows 

1) FOREIGN PRIORITY CLAIM : I hereby claim foreign priority benefits under Title 35, United 
States Code, §1 19(a)-(d) or §365(b) of any foreign application(s) for patent or inventor's certificate or 
§365(a) of any PCT international application which designated at least one country other than the 
United States of America, listed below and have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate or any PCT international application having a filing date 
before that of the application on which priority is claimed. 



Prior Foreign 
Application 
Number(s) 
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Foreign Filing 

Date 
(dd, mm,yyyy) 


Priority 
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Certified Copy 
Attached 
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9919274.2 


GB 


17 August 1999 
(17.08.1999) 


□ 


□ □ 








□ 


□ □ 



□ Additional foreign application numbers are listed on a supplemental priority sheet attached hereto. 



2) PROVISIONAL PRIORITY CLAIM : I hereby claim the benefit under Title 35, United States 
Code §1 19(e) of any United States provisional application(s) listed below. 



Provisional Application Number(s) 


Filing Date (dd/mm/yyyy) 











□ Additional provisional application numbers are listed on a supplemental priority sheet attached 
hereto. 



3) U.S./PCT PRIORITY CLAIM : I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application or §365(c) of any PCT international application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT international application in the manner 
provided by the first pewagraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to 
disclose information which is known to me to be material to patentability as defined in Title 37, Code 
of Federal Regulations, §1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application. 



U.S. Parent Application 
Number 


PCT Parent Number 


Parent Filing Date 
(dd/mm/50^) 


Parent Patent Number 
(if applicable) 



















□ Additional U.S. or PCT international application numbers are listed on a supplemental priority sheet 
attached hereto. 
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As a named inventor, I hereby appoint the following attorneys and/or agents to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith. 



James E. Cockficid Reg. No. 19,162 

Thomas V. Smurzynski Reg. No. 24.798 

Ralph A. Loren Reg. No. 29,325 

Giulio A. DeConti, Jr. Reg. No. 31,501 

Ann Lamport Hammitte Reg. No. 14,858 

Elizabeth A. Hanley Reg. No. liSOS 

Amy E. Mandragouras Reg. No. 36,20 7 

Anthony A. Laurentano Reg. No. 38,22 0 

Kevin J. Canning Reg. No. 35,47 0 

Jane E. Remillard Reg. No. 3 8,87 2 

DeAnn F. Smith Reg. No. 36,68 3 

Peter C. Lauro Reg. No. 12.360 

Jeanne M. DiGiorgio Reg. No. 41.710 

Megan E. Williams Reg. No. 43,270 



Jeremiah Lynch 
David J. Rikkers 
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David R. Bums 
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Cynthia L. Kanik 
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Shayne Y. Huff 
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Daniel B. Ko 
John S- Curran 
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Reg. No. 47,202 
Reg. No." 44.784 
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of L^ WVE & COCKFIELD, LLP, 28 State Street, 24^ Floor, Boston, Massachusetts 02109 , 
United States ot America. ~ — ..^ 

Send Correspondence to: 

Anthony A. Laurentano, Lahive & Cockfield, LLP, 28 State Street, Boston, Massachusetts 
02109, United States of America 

Direct Telephone Calls to: (name and telephone number) 

Anthony A. Laurentano, (617) 227-7400 



Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attomey, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that wdllful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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